The chemical vapor deposition (CVD) is an important approach to produce polycrystalline silicon for solar energy application. In this study, a model coupled with gas reactions and surface reactions has been built and simulated the characteristic of deposition process in a trichlorosilane and hydrogen system. The influence of the surface temperature, the reactor pressure and the deposition time on the growth rate has been analyzed in detail. The conclusions are helpful to guide the polycrystalline silicon production.
Introduction
The ultra-purified polysilicon is the raw material for the photovoltaic(PV) industry. In recent years, the polysilicon market has experienced a turbulent stage and the price has fallen dramatically because of the aggressive development [1] . Renovating technology is very critical for reducing production costs and energy consumption and improving the polysilicon quality.
At present, the chemical vapor deposition (CVD) is widely used to produce polycrystalline silicon. The chemical route for the polysilicom production consists of three steps: synthesis, distillation and decomposition. More than 60% of the energy used in producing polysilicon is consumed in the decomposition process. The polysilicon CVD reactor, also called Siemens reactor, is comprised of an airtight chamber where some silicon rods are heated by the electric current. Polysilicon is deposited on the silicon rods through the thermal decomposition in a trichlorosilane and hydrogen system [2] .
Increasing the polysilicon growth rate is the main way to reduce the energy consumed and production costs during the decomposition. The deposition growth rate depends on the gas velocity, the surface temperature, the working pressure in the reactor and the deposition time [3] .
Due to intercoupling of fluid and thermal transport phenomena with chemical reactions in the Siemens system, the deposition process in the CVD is very complicated. In order to optimize the production technology and equipment and realize the energy saving, we should have a sufficient understanding of the composition of chemical reactions and the growth of the polysilicon rod. This paper has carried out a computation model coupled with gas reactions and surface reactions and simulated dynamic characteristic of deposition process in 60 hours.
Mathematical-Physics Model
The deposition process occurs in two parallel plates in our study. It is simplified as a 2D model which contains a deposition surface, an inlet, an outlet and a boundary surface (shown in Fig.1 ). The boundary surface in the top of model is set to be adiabatic boundary, where neither mass nor heat can pass through. The deposition surface is heated to keep a constant temperature, Ts. The left and the right side of the model represent the inlet and outlet of the mixture gas respectively. Two sides are meshed by structured grids. The length of the deposition surface is 1.5m and the width of the inlet and outlet is 0.1m.
Fig.1 the geometric model of the deposition process
Many complex physics and chemical phenomena occur in the deposition process [4] : the flow of the mixture gas, the gas reactions of the trichlorosilane and hydrogen, the surface reactions on the silicon surface and the nonlinear increase et al. The paper builds the governing equations to describe these phenomena as follows.
-Continuity equation:
(3) -Energy equation:
-Species transport equation:
R is the net rate of production of species i by chemical reaction, i M is the molecular weight of species i and ir R is the Arrhenius molar rate of creation/destruction of species i in reaction r.
The geometric model and the mesh are created by using Gambit 2.4.6. The total number of mesh is 45,000 which was verified by grid independence and satisfied the requirement of calculation accuracy. ANSYS Fluent 14.0 is utilized to simulate the dynamic character of the deposition process. A numerical scheme called SIMPLE is used to solve the governing equations. The viscous model is k-epsilon model. The reaction model is the eddy-dissipation concept (EDC) model which is an extension of the eddydissipation model to include detailed chemical mechanisms in turbulent flows and is widely used. Table. 1 is the boundary conditions of the deposition process. The detailed chemical reactions involved in the deposition process have been taken into account to discuss the silicon growth rate. The diagram of reaction mechanism which contains 9 gas reactions and 10 surface reactions is shown in Fig.2 . First SiHCl3 generates SiCl2, SiH2Cl2 and HCl in a H2 system by thermal deposition, then SiCl2 and SiH2Cl2 spread to the sedimentary surface under the effect of surface reactive materials Si *, called the adsorption process, finally the polycrystalline Si (b) is separated out on the deposition surface.
Results and discussions
The influence of the surface temperature, the working pressure in the reactor and the deposition time on the growth rate has been studied in detail.
The surface temperature and working pressure in the reactor have a strong impact on the deposition rate as shown in Fig 3 and 4 . When the surface temperature is raised, the kinetic of the silicon deposition is faster because the rate of reactant chemisorptions on the surface and the rate of decomposition into Si have an exponential dependence on the temperature. When the working pressure in the reactor is increased, the growth rate increases because the concentration of reactant is greater. Comparing both parameters, the influence of the surface temperature on growth rate is greater than the working pressure. Also the impact of both on the growth rate is somewhat different. As temperature increases, the falling speed of the growth rate with an increase in molar of H 2 accelerates. However, the change of pressure has a slight effect on the falling speed of the growth rate with an increase in molar of H 2 .
Analyzing the effect of processing time on the growth rate is necessary to understand the evolution of the deposition process. The Fig 5 shows the distribution of growth rate along the silicon surface per 10 hours during the deposition process when the surface temperature and the working pressure remain constant. From this figure, we can know that the growth rate increases along with the increase of the deposition time and the increasing is non-uniform along the surface. With deposition process continuing, the increase of the growth rate gradually becomes low in the front of the silicon surface. However the increase of growth at the rest of the surface is relatively flat.
The dynamic distribution of polysilicon rod surface during the deposition process in 60 hours is shown in figure 6. From this figure, we know that the silicon deposition is nonlinear. With the increase of time, the thickness near the entrance increases quickly and the growth of silicon rod is relatively uniform at other positions. What's more, the lowest position of the deposition surface gradually moves from the 
Conclusion
This paper presents the influence of the surface temperature, the reactor pressure on the growth rate and describes the dynamic growth of the silicon surface during the deposition process in a trichlorosilane and hydrogen system. It is found that the growth rate of the deposition process rapidly increases with the surface temperature and the reacting pressure. The dynamic distribution of polysilicon rod surface during the deposition process is non-uniform. Our work is helpful to further study the optimal deposition design during the process and improve the growth rate and the dynamic nonlinear distribution. Biography M Fang, X.Z Yuan, are master students in the Key Laboratory of Thermo-Fluid Science and Engineering of MOE, Xi'an Jiaotong University, Xi'an, Shaanxi.
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